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(57) Abstract: A polarization conversion element capable of con- 
verting, with a limited light quantity loss, a linearly polarized in- 
cident light having a polarization direction in an almost single di- 
rection into a circumferential ly polarized light having a polariza- 
tion direction in an almost circumferential direction. A polarization 
conversion element (10) for converting the polarization state of an 
incident light into a specified polarization state. It is formed of an 
optical material having optical rotation, for example, quartz, and has 
a thickness distribution changing in a circumferential direction. The 
thickness distribution is so set that a linearly polarized light having a 
polarization direction in an almost single direction is converted into 
a circumferentially polarized light having a polarization direction in 
an almost circumferential direction. It has a plurality of circumfer- 
entially divided areas (10A-10D), and two arbitrary adjacent areas 
in the plurality of areas are different in thickness from each other. 
Also, two arbitrary facing areas in the plurality of areas have optical 
rotation angles almost equal to each other. 
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«3lA-3lD^timM1-§3t^,«-R50l^^3lA-3lD^n^* 
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[0068] ^lx, *mmmmx^ m p»on:*jv^****«»^»4r«tt*ft« 

[0069] ft*5, «*l^iH3fe^«©(»^OMWI*^*{tS<5<«^^«3fe»ffKM W 

[0070] ^^j*«wra-esji*n©i«(iM^)© 
[0071] tzax. *mmeigrcti. ttmzm%*mtt&wmm&<D%*mim* 
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[0072] ^\^u^m(Dmm(Dmmm^^m^m^u^mmmx^ m 

[0073] ±JfioHJ6^«-CW:, O^Xtfe** 10fcA*f**3feJfc«\ Z#fafc{B## 

[0074] ±^CDH»«g-C(i, -7^nyyy(T^U^ll(D%m\m%Wm^lO 

[0075] tztcu ^%ttPL**mL%&xi5wzm%n*m*iottmi'Zb. m 
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[0076] ±^oH»S-Cii, 01****^ io©ilwai<it-^©Bi 

[0077] £fc> ±»©lltt^«S^ttv*^^©^^«08^«t!:StJSi-S8o<0H^ 

[0078] Jtfco^lSJWeHu 7K^ilrfflv^•c#S^:^ J f•lOA-lOD^(t>v^T(i« 

^Tm^mm^m^mm^x^m^m^m^-r^thx^^m^, 

[0079] ±Jfi©Hi6»«td3V^ % «tt££**io&jf&W3fel&K:ttLT@£ttfc: 
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[0080] mm, fflknm%m&tt>m^&\zmiz&&m&&-ro &*>\ 09« 

[0081] BlOtt, 09Ji^ft5Xift««iUT©^-^yhlOTfc*il§tLfc««»*Wffl 

TO, )fe^AX^W^f^^lllliLT[Hl^^^^-WyhlOT±(im^a^^ 

10a-10eSr2fc!ftpriBtLrv^ o ft*3, 09TO/IS£Sc«lie>iiIft£& 
5frHOa~10e©5*>, flftgtfcSR^lOa, 10b©*S:H^LTV^ o &4b\ ffiftg 

o 

[0082] Hlltt, «^*©«***«^10a-10e©*tl^n<^fifc«r*^H^a^ 

HH(a)|j:*5V^ mioflgft^gyjmoate, H5K^lfc«&ttroflft&& 
3H-?10i:IBIC«rit«r3rt"5 0 011(b) {CM vc, &20>ti§«&iimObfS N mil 
(a) K^Lfcffl*«ift«^10atSiHLfc«««r^rt-5^, I 3 *fi«10Efc«*» 
?Hl^l04c#tS!ttfcttTl^^&fc5„ COffl3t#?H«|5«-104ctt, 01t^Lfc 

[0083] 01l(c)£*3VvC> S&3<0fi^3Bfe(mOcB: % 011 (a) fc*Lfc«#*#Him 
Oa«i«Ufc#j««r*r«*s, "Pite«*iOE©^#$*s^:t<*orv^^(mi- 

&4afcfc*^10A~10D©«i69IKfcoTV^)^&ft5 0 011(d) tC*3V ^ 
fB4<£ffi3fc£&3mOdtt, 0U(c)(^Lfc^«iftm^lOc^ML7t« 
fifc&^TtS;^ ^*ffi«10E^«3fc»m«Wtl04c^R»t6)^TV 
[0084] 011 (e) fcfcVvt, SlSOflttg&ilt^lOeW:, 8o©S*^"e(i^<, 6o<7} 

S#3moc, iof, ioGSr«a^t>*T#j«sturv^5 0 S&soflift^&iimo 
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, 10F, 10G|C±?MIMt&fVCl*5. ^t)6O(DS*^^-10C, 10F, 10GK*5VvC 

, Q^xom^m^- IOC, 10F, 10G{Dt©jgji^f^(Y^|R])}C^o7 v d¥$(^$ft* 
I^Wft$)^2v^^^3a^O«^^10C, 10F, 10G£2{@f o^ATCl^ 

O 

[0085] ri-e, wnmocte, 07(c^Lfc^3S*m^iocii^ca^wi-5lfP«- 

ffl1-5£5M£dF;$St2££;ft/rv^o S^^lOGfi, Z^ftMft^faSrWI- 
[0086] 01OKJ|oT, ^-V5/MOT(cM3t^^^^^g$tl^V^W PSP40 

[0087] fc*5, ±^T?«, ^-WyhlOT[C«g$tl^5fe^^^lOa-10e(D^^l- 

[0088] 0i2«, mmmw^m^m^m^m^^ntz^^mo)- 
mwtv&mz7frtmxhz 0 012-m, s$&^tct-5fc*K{i§«&iif 
?hMt2xm&i>xh5 0 

[0089] 012 (a) ft, m^^^5^x.r, 7r-^-/>K(*fctt77^^-77- 
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R Mm®33A- 3 3D£ig.£ R <D R ft, 1" &*^*Vt>8o?> R |«3 3 A- 

33D^sp]<Dmm^tmt-^i-^u^\^^i-^mu^m^^o 

fc*3, 012(a) -CIS, 8«©r^3t2g33Sr8oOR^^33A-33D-efl|^Lfc 
[0090] Hll2(b)«, Hl^^m^5^X.T, 7T-7^-/VK(*fcH77l»^-77- 

m&iz.&ttz>mik<Dr.i!kytm34&^Lx\,^ 0 rr-c, 4m#i<Dr&%U34*m 
ytM34mj$.tz>4'i<Dmm4A s 34c^n^mmmK ztib4mm® 

34A, 34C£j&£R£>RJ^|Rh 1-&:fr*>;i;fr£>4o©^$34A, 34C^^R(D 
^^l^]i:(5^-i!i:-r^{S3t^lR]^W1-5E^3t^^^5 0 fc*s, Hll2(b)-e 
4^^(D-^3tM34^4o©(5MR^^^gg^34A ( 34CT«^L7t^J^ 

l/c^, 4^<Dm®mm*mmpiMmc\mfe£tifo\ 

[0091] El 12(c) ft, Hieff^^^5{c:f^^-C, 7r— 7-f-/WK(*fc»79l»*-77*- 

jfrf<56o©iBJ£35C, 35F, 35G^tl^ii2»M^ v ^b6oO^BJg(35C, 
35F, 35G<M$#R©RJSI:£fa,1-ft:bt>^&6o^ifc35C, 35F, 35G<£r^ 
^R^^^^^^^-^1-§«3t*^^#t-§iEa{B^^(c^ 0 fcfc, mi 
2(c) TO, 6«^OIlft3feai35S:4oOf5^^^^©®«35C, 35F, 35G-C 
«#Lfc0!l«:^Lfcas, 6o©ffi«©^ttf5tf ^^^|!lH:|S3£$4l*V \ 

[0092] ±»©stifc»iisi!t5fcaE»0a-ctt, arox&*?#*tt&9K:H£&*vc 
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[0093] BH3|C*3V^fi3fe«**^-10ftt % 4o©S*^10A, 10C*»*#;btf*C 

^ioa, locicfcvvt, ^«^Ax^A/T^[RI-rs-ws*^i : •^^l:v^^c|^l:# 

ttSrWI"*. 4o©£#3imOA, lOCtt, 3tO»iS^|Rl (Y#ft) fcft 

ofeff$(^tt^lR]^$)^l:v^^^:^52am^S^^lOA > lOC£2f@-fo 

[0094] ^r-e, ioam\ m7\z^it%im*m*ioAkmK®&&%i-znw 

*n04c£Ktt-Ct>ftV\ 
[0095] r(D^«»^10f«3tWAX^^,^tLTIIIfe^Bet^<t5}^{tbtbr*3«9 

14[i % ii«m^lOf<7)^^it)^*^^«{^^^crM^(D- 

[0096] 014(a) ft, ®tt%&M=t-5\Z-ft%X^ 7T~74~/WQ&\t7?Fs*—7T*- 

W3feJ»fcKS$ilfc*a , fc33»t52tt^©r^)feaS36(36A)S:^L"rv>S, --"C 
ft, 2«R©ZHk3fe«36 (36A) Mii«3te3lI^«*W«3l^JaR«$n5. 
[0097] 014(b) (4, @8T3te¥* : ?-5fc:ft*.T, ^T-^wH^Sfcf*??^*-^- 
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«©rft3fe«37*aa^53fe*^«*i^«3fc^iBKta!€*n5, m 14(b) 

[0098] ^^[6]ffi^;^"e{l, 4mtt<Dr.&%M37Zffii$,i-Z>4^<Dmmm7A, 37 
C^tl^tL®^^^ itnb4o(DR^^37A, 37C£*£.£R<DRJi#|pk 

i-ftt>hzntb4i<Dmmm7A, 37cz&&w<Dmmfifatm$-m-z>myt 

o<BRJg£#37A, 37CT?«|«UfcW«r*Lfc«S, 4o©^«^(iRM^«RR 

[0099] 014(c) tt, Hl4(b)©IHJf3fe1 fc * : f fcft*.-C, 77-7-f-A-K(*fc»79^ 
*-77-@iWW0 iaS@ft+45ft(-135ft)#fa&U^ffirt-45ft(+135. 
ft) fcrtft t , 54W©*»*^* Wrti-SEItff***^ OfeJlC&gyR*) 

KttLTl$tf[I]9t£45ftfctt[5li|£Lfc^ 

[0100] 014(c) -Ctt, <H)fe«ll8«Sl»4^©l/2S[ft«4bSr3fc«l3i9fc|El<B$*"C, 01 
yt&&m?lOf\Z.MLX, +45ft^(p] (-135ft#ft) fcfi^^l^Sr^ri-SEIHB 

nX 180ft (nfiISfc)fc*lt0fe^»tL, 3#$*10CfcfcMfLfc£i»fll 
3te©«3fc*l«ilS:90ft±nX 180ft (nttaE«k)»tl§MBS*5«IB**i - 5fc«>, 4 
««OZlft3t»38*ajfli-53fe3|C^*^fll3te^1l8^KS$*l^. 
[0101] 014(c) fc*tfcH^Wfll*#t»-Ctt, 4ffittOIH5c3fe«S38S:«^-f54oOR 
^fg$38B, 38DSr**l^ilii55tJlC^,iH?>4o©R^|S«38B, 38DSrJ$^ 
R^RJf^ft, 1-to^rtbb4o<DR^i«38B, 38D£^£R<^$:£|p]i{£ 
tf-S^5«3t*I^Sr^Ti-5itlft«3fe!KIB»^o &*>\ 0l4(c)W, 4ffijR© 
r&3fe«38&4o©RJg«i£38B, 38D^$Lfc#J£^L*:;^ 4o©fiOg 

[0102] ^^H, «^^M4^ii^[p)©^Hlbf^i:> ttftgifymofolsllB 
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W}ftb\Z£0, +45a(-l35^)*|S]SU J -45S(+l35S)*[6]i^ffi1-§4^ 

\z.m&i-&4m&<D-fc%mvtroxti* o& ( + isom xfaxmom (270m) -r 

[0103] 3fettAX^*^^UcRJ^^[^i-^^#J$nrt8oOMW^S*^^^ 
€>*fifc*tb5«3t*»*^Sr, **AXH9KliaCTiBfcL-C{>AV\ 015(a) Kfr 

8oOR^ffl«39A-39DSr-tiVenii53t***, ^b8o(7)Fl^ig39A-3 
9D^^R(DR^*-[R](itlfe8oOR^«39A-39D^^R^^|B]) 

[0104] tfz, 15(b) {^^i"J:5[^ 8«^©rft3^*«fiW-58o©R^««Sr*ivP 
ftMZftmK ^hA8oOR^flH«Sr»«gn©nJW*lRl C^8o©R« 
^^R^^[^){C^LT+45S/atlHlfi$n/c^^{^tt^o^R«-e 
fc^^^li, 015(a) {^Uci5l^^^^^(fct^«®3t;^^^10a) 
?r+45^7 v c^«iAXJi«5(CllIfe$^ri:(Cj;oT, 015(c) fc^-f IStfjig 

[0105] 01613, ffijfe^«ai^-«rfl8W3fe^iiOlilia«©fltfi«)5*», R^T^^ay* 
8<&jtttfr<^«(AI+ffliS#<0{fciI) KE*Lfc«ft*-r. ^co®16^J-C{i, X 

- 9<D&mftm niot^ v^n^^rivyxi 1 <d am m \z&mzti 

#S#imoA~iOD©&©*#$£«H£ax, RUr^av^SOttflMCfc 
oT, v^n75>fr^yXll©Altffi«J^$n5#S*^10A-10DO 

[0106] Lfc^t, ®16{^L«M©J:p{C^^^10E(^7t««3fe^Wl04 
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[0107] *tz, mmmjzMmin&K, ^&%moEmz\m%Mmumo4c)% 

[0108] (1) (10in+ AA)/10out <0. 75 
(2) 0. 4<(10in+ AA)/10out 
tztcU 

10m:Uft£&m*lO<D*&mmOE<Dli)%}¥®, 
lOout : U% 10<D^{BJ^^ X 

xhz> 0 

[0109] &w#.tt)zm&vte^Wi&im, uyt^m*io\zx^xm^m% 

[oho] ^fc, mi8K*-rj;5t^ ®ft%&m*mw%¥mm<Dm%:®<DtiLm<D?-b, 

com] ^fc, ±^(Dmmmm^io^x, mKM&m^io^v^wmtDK^ (mm 
%n.m^m\^xu%i3wm\:ir^tifih^ 0 ^<Dm#\m, ^tiboyt^o 
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[0112] mz. Mftwm(Dwm^&<nmi&BMfc^x®.wi-z>o m 

tmbtixh&^u %mt^xT-vtmm<DftmxT-i?imrtbtixh 
[oii3] mim, ^^w^mmi-^<Dm^mRmm&^mi-^>tz^(D^^^ 

92£^LT{£f£WftftJiCK&i9, SW^93-C^^nfc^, yix-i^X&94Kl 
A*f1"5o y^-V>'X^94^Lfc(5(J¥ ; fT^^«> ^H^LTO A, /4&95 

g97a^^1-5o ^"C, r&7GCCD97<D&ffl®97ate, Sf^^PLOttttiHi 

[0114] x /m95\x yt$fy%tp>btLx®fe -*jm\mi&£hx%w, z<d x /m9$\v& 
> ^(D%m^'btLtzmmn^^ir^tzfy(D^m8^m^tix^^o 

4«95^$ft^0^[lIfe$^^<t^j;»3-^xCCD97«Wffi97a[^^^3S 
*#*«<t1-3e LfcjJSot, [7^^M)t^=^-90-C«, !2£g&98£j8^T 
^/4tg95^#®l9^[Hlfe$*^^^til®97a{C^^^^^O^b^ 

wu ^(omm^^bmm^^m^xmm^(Dm^m^w^i-^t^x 

#5o 



WO 2005/076045 29 PCT/JP2005/000407 

[0115] fc*3, w\m&ft : T-mz^x^wz.\m®m, r%<DMt-%&M&<Ditv><D 
(Dmtmm-t^o^ ^.(o^m^m^m^ ^xmrn^mm^mu^t 

[0116] fc*J, !^^/Nffi«3fe i E-^^-90-Ctt > &ft*bLX X /4^95{Cftx.T * /2R«r 
*-96) ^MWii^tD^^^^x.ytt), 

*^^LT^>^<^4o^M^^^mB97a{CfcN^^MW^b^ 
&W1-5£^;fe5 o ^»MTii^T-i:LT©^/4«95^«f9 
{Clll^^c^, ^^^UT0^3fet^A^^y5/^-96^itt3!i«9(C[Hlte$*-C 

KftKLT, 3b&VZZ<DW)mzJ)\lZ-X. W>m*bLX<DX/4m5&£Tfmit*tL 
X<DU%¥-J^yy?-$Q(Doh<D-1]ttz^^^ 

o 

[0117] tit, l>^NM^-^-90Ti*, S«93Wii^#te[C«J;i9)t(7)M3fe«^ 

^bUTL^#-a-^fe5o -©i§-a\ RMm93<Dmit®B\t=f>ibt>j)^x\,^<Dx 
,mm<Dffw^x<>x^m93<Du^^u^m^(D^m^m^x^^ 
mMft*-*~9o<Dmfem%z%iiEu mwftvmftvtmziEmimfei-zz-b 
tfx%% 0 £tc, sMm^m-r , \syxteb*<Dm<Dft¥i$&^&mvxmftftnfr 
mtLXL^m^xhmmim^^miEumm^(Dm^m^iEm\m^ 

[oils] ^t, mm^<Dm^m^m^M(D^<Dwm^^xMm^mir^ 

. *i*lt±©-jfe(*fc^/J^^*aiaUftiS±o-^(l»/h*«) maiSH-s 
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Yts mi, me, igii8-efflv>7txYzj^^srfflv^ 0 ±.&om±<D-&m'm®. 

[0119] Z.<D%ffeU%& DSPte N «±©-J<* (*fctt*/h««) £iiiSLfcifi±0>-£ (|K 
(3) DSP= (Ix-Iy) / (Ix+Iy) 

0 

<<-*-*Mit*HB3te3&£s (s /s )mm-?hz>o 

l 1 0 

[0120] tits m±(D-& mcir&sbmm) zmi&\.&m±<D~& m^mm 

h 

(ommmmvxsuytt^myt) kov v-c^jIjem^rsp ttrntzzttfi 

V 

[0121] (4) RSP =Ix/ (Ix+Iy) 

h 

(5) RSP =Iy/ (Ix+Iy) 

V 

h v 

7k¥-myt<DbZ\c\-ZRSP &ioo%bt&. SfcWfcfiMftofctfcttRSP #ioo 

h v 

%bt& 0 

[0122] ^ m±<D-& (titnm^mm zmmh&m±(D~& m^mao \mmt 
zytm<D-*-*\z.MLXs T*.(6)~(9)xmytmr&femi-?>b%s m%o%® 
%mm&&mmLim±<D-&wi'mm \zmmtz%M$:\zttvx* t^(io) 

0a«J¥*&fi3fefiV(Ave)Sr^S|T?t5 0 
[0123] (6) V=(S 2 + S 2 +S 2 )'VS 

12 3 0 
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= (s 2 +s 2 +s Y 2 

1 2 3 

(7) S=S/S 

1 i o 

(8) S =S/S 

2 2 0 

(9) S=S/S 

3 3 0 

o 1 

«9> s tt45«jiai«3fe3ft«^>r^i35ffiaaft«3t3ftS-es>o, s n^^mu 

2 3 

(10) V(Ave)=2[S (x,y)-V(x, y)]/£S (x, y) 

0i> i i 0 i i 

[0124] fc*5, (10)^*51^ S (x, y)M0f^O^rSb5fe*ffi«(x, y)±©-£(*fc 



0 



0 

-?fc<9, V(x, y (x. y)±©-/Si(*fctt|»/h**)«iil 

i i i i 

[0125] 9f*©#»3te***s«iiUfeiB±©-^ («M>0«) maim"55fcnm 

fcttLT, KTO(ll)*^¥«3teKHi-5TOWft***RSP-(Ave)«r, (12) 

h 

*t?*5±tfSEffl*lcBB"f-5 TO»ft«3fc*RSP (Ave) 

V 

[0126] (11) RSP (Ave)=Ix(Ave)/(Ix+Iy)Ave 

h 

= 2 [S (x, y) "RSP^x, y.)]/2S(x, y) 
(12) RSP (Ave)=Iy(Ave)/(Ix+Iy)Ave 

v 

= 2[S (x, y)-RSP (x, y)]/2S (x, y) 

0 i i v i » Oii 

[0127] ^-C, lx(Av8)tt9fSo^n»3fc*««(x, y)*^UfeH±©-£ 

i t 

3fc)fifc^O»«W«&, Iy(Ave)tt0f^©^ra5t«ffi«(x, y) £iIi®Ug>K_ktf>- 
#ft£#offift)$#©!&gW^RSP (x, y)\mfeV>G%l%Wffl&ix, y) 

h i i i i 

¥«*K:o^T©aiE«3fe*,RSP (x, y)tt0fjfe©*«i3t*«*(x. y)±©- 

v i i i i 
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[0128] mm&)%#ffiytmw<Db%\z.tiLRSP u, y ), rsp ( x , y)izth\z5o%t 

b i i v i i 

&<9, mm&}te*¥mft<Dbz\a*Rsp u, y )^ioo%w^ mmbtmm.u% 

h i i 

Wi:#{C(4RSP (x, y)#100%£&3 0 

v i i 

[oi29] ^lt, mfe(D%%}%M mm (x , y ) &iii®ug>®±<D-£ iw^mm) ^mm-r 

i i 

S^mCTLT, T^(13)C0jii9¥^1#S^SDSP(Ave)^a-et^o 

(13) DSP(Ave) = (Ix-Iy)Ave/ (Ix+Iy) Ave 

= { E [Ix(x , y)-Iy(x , y )]/ 2 [Ix(x, y)+Iy(x , y)] } 

= S*(Ave) 
i 

= {2S/2S} 

1 0 

[0130] (Ix-Iy) Avett, ffife<Dft$}%Mmmx, y.) £»i®Ug>ffi±<D- & (» 

mm) immt^mm^^x^m^^o^mtm^^Mmmm (x 

i 

I 

«Ii©iO^, Ix(x, y)f*^£<^$«iS$(x, y)±0-£ (£*:}*$& 

i i i i 

^mm) %mmL®M±<D~& m^mm) ^mm-r^m^^x^m^ 
ftvfamayu., y ) imfeemwftmmm^, y^±<D-&&itim'mm)% 

jIj®LM±£>-£ (^/J^HS) (^jai-5»[c*5ftSY^[p]^«^^> 

s^Ave) imfe^mMMmmix, y) K^tss^^^-cfcSo 
[0131] (i3)5£ic*3vn-c, mmwmffiftmw<Dt%\mDsp(Ave)nokm. mmmtt 
*¥-mytot% (c^dsp (Ave) # ltta. mm ^mw.mwt^ \musp (Ave) 

[0132] $-c, *mMBn<Dmm¥mw., m^m^tmmx^ m^^ytmmm 

K&ttSTO^flift^RSP (Ave), RSP (Ave)^ 

h v 

RSP (Ave) > 70%, RSP (Ave) > 70% 

h v 

zmz-tztz. z<Dmfe<nG®ytmmmwimmft'?hz>t&tei-z. ttfx^z 

o rr-C, ¥i%¥ffeMftmSP (Ave), RSP (Ave)#±fe&#%«MLfrV^-£K 

b v 
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[0133] te&.tikz\mi3\c&Liz4ftmu%&&m*ioim^x4#®m*fam% 

,&*<Dtt%m%L31Al, 31A2, 31C1, 31C2feCT^|#£«^RSP (Ave), 

h 

RSP (Ave)&M1-tUf&V\ 

[0134] ±^(Dmmmm\^^m^mmx^ mmyt^mmK^x^^^^) 
mmummnn) , &&%^*m^x^*t\m&ztitzm^m<n;<7--y^ 
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